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This is a divisional of Application No. 09/474,174 filed on December 29, 

1999. 

Field of Invention 

This invention relates generally to the field of data storage, and more 
particularly to a method and apparatus for manufacturing disk-shaped articles for 
storing data. 



Background 

Conventional molds for manufacturing substrates for data-storage disks 
typically include a moveable side and a fixed side that when closed, form at least in 
part the boundaries of a disk shaped cavity. A stamper, typically located on the 

15 moveable side of the mold, is used to impart a surface profile onto the formed article 
or substrate. During the manufacturing process, replacement of the stamper may be 
necessary to retool the mold for a new product or may be required to assure part 
quality and, in some cases, stamper changeover occurs frequently. 

It is often difficult and time consuming to replace the current stamper in 

20 conventional systems. For example, conventional systems often include a holder for 
clamping the stamper within the mold. The holder is typically retained in place using a 
mechanical fixture. When the stamper requires replacement, the mechanical fixture is 
removed to release the holder, the stamper is removed and a new stamper is inserted. 
The holder is again fixtured into place. This can be a time consuming process 

25 especially in applications requiring frequent changeover. 

Another characteristic of conventional systems is the difficulty involved in 
removing the substrate from the mold after molding. One solution has been to use a 
demolding feature for removing the substrate from the mold. The demolding feature 
provides pressurized gas directly onto the back face of a substrate to facilitate 

30 removal of the disk. The pressurized gas is applied through a set of openings through 
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the wall of the mold cavity. The location of the openings on the wall of the mold is on 
the side of the mold cavity opposite the stamper. Such a configuration allows passage 
of mold resin into the openings of the demolding feature during the molding process. 
Passage of mold resin into these openings or cavities in the wall of the mold cavity 

5 can adversely affect the flatness of the substrate. 

An additional problem with conventional systems is that cavities may be 
created between mold components due to those components having different rates of 
thermal expansion. During the course of operation of a typical mold, temperature of 
the mold components may vary between room temperature and 130 degrees Celsius 

10 or more. Resin flowing into these cavities can also affect process control over 
thickness, flatness, concentricity, and inner and outer diameter of the formed disk. 

Conventional molds have typically been used to produce substrates for disks 
having information on one side. Disks having information on both sides are typically 
formed by bonding two single-sided disks with a layer of adhesive. Thus disks having 

15 information on both sides, have a tolerance stack up that includes the variation found 
in each of the two disks and the variation found in the adhesive bond between the 
disks. Thus it is more difficult to maintain the various process indicia such as 
thickness, flatness, concentricity and outer diameter when producing double-sided 
disks. 

20 For the reasons stated above, and for other reasons stated below which will 

become apparent to those skilled in the art upon reading and understanding the 
present specification, there is a need in the art for a mold improving the ease of 
stamper changeover. Furthermore, there is a need for a substrate and final storage 
article having improved process indicia such as thickness, flatness, concentricity and 

25 inner and outer diameter. 



Summary 

Described herein is an improved mold that addresses the above-described 
deficiencies found within conventional molds. For example, in one embodiment, the 
30 invention is directed to a mold for manufacturing disks and includes a holder that 
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extends over a portion of a stamper. A vacuum line applies a vacuum force on the 
backside of the holder in order to maintain placement of the holder against the 
stamper. In another embodiment, the mold includes a demolding line that applies a 
demolding force to aid in separating the substrate from the stamper. The molds of the 
5 various embodiments can be used in the production of single-substrate double-sided 
articles for storing data on both sides of the data storage article. 

Brief Description of Drawings 

Figure 1 is a cross sectional view of an embodiment of a mold having a holder 
10 and a vacuum line; 

Figure 2 is a cross sectional view of an embodiment of a mold having a holder, 
a vacuum line and a demolding line; and 

Figure 3 is a view of a single-substrate double-sided disk. 

15 Description of Embodiments 

Figure 1 is a cross sectional view of one embodiment of an improved mold 
100 that addresses the above-described deficiencies found within conventional molds. 
The improved mold improves the ease of stamper changeover, provides improved 
process control over thickness, flatness, concentricity, and inner and outer diameter of 

20 the substrate and final data storage article, and facilitates the manufacture of a single- 
substrate double-sided data storage article. 

More specifically, mold 100 includes an outer portion 13 an inner portion 12 
that may be quickly changed. In the illustrated embodiment of Figure 1, outer portion 
13 includes a mechanically-fastened holder 15 while inner portion 12 includes two 

25 vacuum-driven holders 10. Each holder 10 includes a lip 17 that extends over a 
portion of a stamper 30. Vacuum line 20 is used to apply a vacuum pressure or 
retention force 21 to the holder 10 such that lip 17 maintains an interface 11 between 
the holder 10 and the stamper 30. The interface 11 between the holder 10 and the 
stamper 30 creates a barrier between the holder 10 and stamper 30 so that mold 100 

30 resin cannot flow through to the vacuum line 20. This prevents resin from entering the 
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vacuum line 20, thus improving control over process indicia of the formed substrate 
and the final data storage article 410. The holder 10 can be released and the stamper 
30 removed by reducing the retention force 21 created by vacuum line 20 and, in one 
embodiment, supplying a positive force against holder 10 via vacuum line 20, thereby 
5 eliminating the need to remove and reinstall fasteners and improving the ease of 
stamper 30 changeover. 

The vacuum-driven holder 10 and vacuum line 20 can be used in any portion 
of the mold 100 including the inner portion 12 on the fixed side 1 10 of the mold 100 
where space and access to the inner portion 12 of the mold 100 is typically limited. 

10 Unlike conventional molds that typically include a stamper only on the moveable side 
of the mold, the features of this embodiment can be used to create a mold 100 having 
a stamper 30 on both the fixed side 1 10 and moveable side 120 of the mold 100. 
Thus, the mold 100 can be used to produce a substrate 412 for a single-substrate 
double-sided storage article 410. 

15 Figure 2 is a cross sectional view of another embodiment of an improved mold 

200 for manufacturing a substrate 412 for a single-substrate double-sided storage 
article 410, the improved mold 200 in this embodiment includes a demolding line 40 
in combination with the holder 10 and vacuum line 20. In this embodiment, mold 200 
includes a holder 10 extending over a portion of a stamper 30 and a vacuum line 20 in 

20 combination with a demolding line 40. The vacuum line 20 is used to apply a vacuum 
pressure or retention force 21 to the holder 10 in order to maintain the interface 1 1 
between the holder 10 and the stamper 30. Once the article is molded, the demolding 
line 40 can be used to apply demolding force 41 directly to the formed substrate to 
aid in separating the substrate from the stamper 30. Here, the interface 1 1 between 

25 the holder 10 and the stamper 30 creates a barrier that prevents the resin from 
entering the vacuum line 20 during the molding process. 

As in the previous embodiment, the holder 10 can be released and the stamper 
30 removed by reducing the retention force 21 created by vacuum line 20 and, in one 
embodiment, providing positive air pressure through vacuum line 20, thereby 

30 eliminating the need to remove and reinstall fasteners and improving the ease of 
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stamper 30 changeover. The demolding line 40, holder 10, and vacuum line 20 can be 
used in any portion of the mold 200 including the inner portion 12 of the fixed side 
1 10 of the mold 200 where space and access to the inner portion 12 of the mold 200 
is typically limited. Unlike conventional molds which typically include a stamper only 

5 on the moveable side of the mold, the features of this embodiment can be used to 
create a mold 200 having a demolding line 40 and a stamper 30 on both the fixed side 
1 10 and moveable side 120 of the mold 200. Thus the mold 200 can be used to 
produce a substrate 412 for a single-substrate double-sided storage article 410. 

Use of the demolding line 40 to aid separation of the substrate 412 from the 

10 stamper 30 also helps to maintain process indicia of the substrate 412 by preventing 
warping during separation of the substrate from the stamper. Furthermore, use of a 
demolding line 40 can avoid damage to the mold 200 in cases where the formed 
substrate may be susceptible to sticking to the stamper 30. The demolding line 40 can 
prevent damage to the stamper 30 and mirror block 60 due to the mold 200 closing 

15 with the substrate ajar within the mold 200. This can prevent additional expense due 
to replacement of mold components and disruption to the production process. 

Space on the inner portion 12 of the fixed side 1 10 of a conventional mold is 
limited as convention molds typically include an injection nozzle 50 in the inner 
portion 12 of the fixed side 1 10 of the mold 100 for injection of mold resin. Use of a 

20 vacuum line 20 for maintaining the interface 1 1 between the holder 10 and the 

stamper 30 allows for placement of a holder 10 on the inner portion 12 of the fixed 
side 1 10 of the mold 100 where space is limited. In addition, vacuum line 20 
eliminates the need for fasteners and, therefore, reduces the time required for stamper 
30 changeover during manufacturing. This is particularly helpful in production 

25 situations where frequent stamper 30 changeover is required. 

Figure 3 illustrates a view of one embodiment of a single-substrate double- 
sided storage article 410 including a substrate 412 formed by the above-described 
apparatus and process. One application of the single-substrate double-sided data 
storage article 410 is in near field format applications. Substrate 412 can be formed 

30 from a material or resin such as thermoset, thermoplastic, glass, and metal. In another 
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embodiment, the substrate can be formed from a polycarbonate material. Substrate 
412 includes surface profiles 407 and 409. Coatings 429 are formed on surface 
profiles 407 and 409 respectively, and are suitable for storing data. The mold 100, 
200 can be used to produce storage articles 412 of a variety of desired thicknesses. 
5 Molds 100 and 200 can be used with stampers 30 for imparting either a 

positive or negative surface profile 407 or 409. In one embodiment, the apparatus 
100, 200 and process can be used to produce a single-substrate double-sided storage 
article 410 having either a positive or negative surface profile on each side of the 
storage article 410. The surface profiles 407 and 409 may take many shapes and 

10 forms. For example, the geometry of the profiles 407 and 409 may be continuous, 
broken into short segments or a combination of the two. These profiles 407 and 409 
may be a continuous spiral, circular shape, or radial geometry to name a few. The 
geometry of the profiles 407 and 409 can vary in physical height, orientation and 
density. The geometry of profiles 407 and 409 may have an angular draft in the sides 

15 of the geometry that is parallel to the direction of ejection. 

In one embodiment, the substrate 412 having a surface profile 407 and 409 on 
the first side 414 and the second side 416 of the substrate 412 is used in an air 
incident single-substrate double-sided data storage article 410. In one embodiment, 
the substrate 412 is used in a rewritable optical single-substrate double-sided data 

20 storage article 412 having a coating 429 on both sides, the coating 429 including a 
recording layer. In one embodiment, the recording layer comprises a magneto-optic 
recording material. In one embodiment, the recording layer is formed on the substrate 
412 in a manner substantially similar to that described in US Patent 5,972,461. In 
another embodiment, data storage article 410 is formed using a substrate 412 having a 

25 coating 429 including reflective layer, a first dielectric layer, a recording layer and a 
second dielectric layer on each side of the data storage article. In one embodiment, 
the reflective layer, the first dielectric layer, the recording layer and the second 
dielectric layer are formed on the substrate in a manner substantially similar to that 
described in US Patent 5,972,461. 
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Various embodiments have been described for an improved mold for 
producing substrates for data storage articles. In one embodiment a retention force is 
applied to a holder such that the holder maintains an interface with a stamper. The 
interface between the holder and the stamper provides a barrier to prevent resin from 

5 entering both the vacuum line and other mold cavities during the molding process. In 
another embodiment, a demolding force is applied to the substrate to aid in separating 
the substrate from the stamper and a retention force is applied to a holder such that 
the holder maintains an interface with a stamper. The interface between the holder 
and the stamper provides a barrier to prevent resin from entering the vacuum line and 

10 other mold cavities during the molding process. 

The embodiments presented provide for a single-substrate double-sided data 
storage article having increased storage capacity due to increased flatness of the 
substrate and increased storage space on both a first side and a second side of the 
substrate. According to the invention, production of a single-substrate double-sided 

15 data storage article eliminates steps typically involved in the manufacturing process of 
conventional double-sided disks such as is found in bonding two single-sided disks. 
Additionally, use of the vacuum line and retention force to maintain and release the 
position of the holder against the stamper provides for easier and faster stamper 
changeover. Furthermore, the location and design of the demolding line can reduce 

20 expensive damage to mold components and can reduce delay in the production 
process. 

Though the embodiments presented relate to a mold for producing a single- 
substrate double-sided data storage article, the features of the above embodiments can 
be used to manufacture a mold for producing a single-sided data storage article 
25 having a substrate with surface profile and coating formed on surface profile also 
having improved process indicia. In one embodiment, the single-sided substrate 
having improved process indicia can be used to produce an air incident data storage 
article. In one embodiment, the single-sided substrate having improved process indicia 
can be used to produce a substrate incident data storage article. In one embodiment, 
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the single-sided substrate having improved process indicia can be bonded to 
single-sided substrate to form a double-sided data storage article. 
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